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DESCRIPTION 

LIGHT GUIDE PLATE, AND PLANAR LIGHTING DEVICE AND LIQUID 
CRYSTAL DISPLAY DEVICE USING THE SAME 

5 

Technical Field 

The present invention relates to a transparent light 
guide plate for diffusing incident light from a bar-like 
light source in directions parallel to a light exit surface 
10 of the light guide plate and emitting evener illumination 
light from the light exit surface, and a planar lighting 
device and a liquid crystal display device using the same. 

Background Art 

15 A liquid crystal display device is provided with a 

backlight unit for irradiating a liquid crystal panel (LCD) 
with light from its rear side and illuminating the liquid 
crystal panel. The backlight unit includes an illuminating 
light source, a light guide plate that diffuses light emitted 

20 from the light source to irradiate the liquid crystal panel 
with the light, a prism sheet or diffusion sheet for 
equalizing the light emitted from the light guide plate and 
other such components. 

In recent years, there is an increasing demand for 

25 reduction in thickness and power consumption of a liquid 

crystal display device. To meet such a demand, light guide 
plates of various shapes have been proposed (refer to JP 9- 
304623 A, JP 8-62426 A, JP 10-133027 A, and JP 5-249320 A) . 
FIG- 17 is a schematic sectional diagram of an area 

30 light source device including a light guide plate 100 
disclosed in JP 9-304623 A. 

The area light source device' (backlight unit) shown in 
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FIG. 17 is obtained by embedding a fluorescent lamp 102 in 
the light guide plate 100, then arranging a reflective sheet 
104 on a rear surface of the light guide plate 100 and 
laminating a transmitted light amount correction sheet 106, a 
5 light diffuser 108, and a prism sheet 110 on a light exit 
surface of the light guide plate 100. 

The light guide plate 100 has a substantially 
rectangular shape and is made of a resin into which fine 
particles functioning to diffuse illumination light are 

10 dispersed. Also, the light guide plate 100 has a flat upper 
surface, which is used as the light exit surface. Further, 
grooves 100a each having a U shape in section are formed in 
the rear surface (surface opposite to the light exit surface) 
of the light guide plate 100. The fluorescent lamp 102 is 

15 fitted into each groove. A light amount correction surface 
100b for promoting the emission of illumination light is 
formed except portions just above the fluorescent lamps 102 . 

As mentioned above, JP 9-304623 A describes that, the 
fine particles are mixed into the resin to form the light 

20 guide plate 100 and in addition, the illumination light is 

promoted to exit by the light amount correction surface 100b 
formed on a part or all of the light exit surface except th.e 
portions just above the fluorescent lamps 102, making it 
possible to reduce the total thickness and unnatural and 

25 uneven luminance of the light emitted from the light guide 
plate 100. 

For the purpose of obtaining a backlight of a liquid 
crystal display device, which enables reduction in size, 
weight, and thickness of the liquid crystal display device as 
30 well as cost and power consumption without reducing the 

illumination amount of the backlight, JP 8-62426 A discloses 
a light guide plate having a rectangular illumination surface, 
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a groove rectangular in section which is gouged out at a 
central portion with respect to the shiort sides in parallel 
with the long sides and in which a light source is inserted, 
and a rear surface formed such that a plate thickness is 
5 gradually reduced from the groove toward both lateral 
surfaces on the long sides. 

In addition, for the purpose of obtaining a backlight 
unit that enables a thin frame and reduction of the total 
thickness of a liquid crystal display device, and is high in 

10 use efficiency and luminance, JP 10-133027 A discloses a 
light guide member (light guide plate) having a parabolic 
shape in section along the width direction of a concave 
portion where the light source is arranged, with the depth 
direction being a major axis. 

15 Further, JP 5-249320 A discloses a light guide plate 

where plural plate-like optical waveguide layers are 
laminated so as to have successively increased refractive 
indexes on a high reflectance layer arranged in substantially 
a V shape, and light emitted from eachi light exit surface 

20 illuminates a light diffusion layer for the purpose of 

maintaining even in-plane brightness of a display panel and 
attaining high-luminance illumination. Here, a concave 
portion where the light source is arranged has a triangular 
shape . 

25 The light guide plates disclosed in the patent documents 

mentioned above aim at some of slimness, reduction in size 
and weight, low power consumption, and low cost. In any of 
the plates, one or more grooves are formed at the central 
portion, and the bar-like light source is accommodated in the 

30 groove- The plates are preferably designed such that the 

plate thickness is gradually reduced from the groove portion 
toward the end surfaces, thus attaining the reduction in 
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thickness . 

Disclosure of the Invention 

However, with the light guide plate; 100 disclosed in JP 
5 9-304623 A, the light amount correction surface 100b such as 
a rough surface or microprism surface is formed on the light 
exit surface except the portions just above the light sources 
(fluorescent lamps) 102, thereby promoting the emission of 
illumination light incident at an angle not smaller than a 

10 critical angle with respect to the light exit surface. 
However, as shown in FIG. 18, the luminance N2 of the 
illumination light from the light guide plate 100 having the 
light amount correction surface 100b (iixdicated by a solid 
line) is improved only a little with respect to the luminance 

15 Nl of the illumination light from the ld_ght guide plate which 
has no light amount correction surface ( indicated by a dotted 
line) . This means that an effect of imp Droving the luminance 
by use of the light amount correction surface 100b is small, 
'the use efficiency of light from the ligrht source is low, and 

20 the light from the light source shows in-sufficient diffusion. 
As a result, a problem arises in that high-luminance even 
light cannot be emitted from the light exit surface. 

Also, in the light guide plate 100 disclosed in JP 9- 
304623 A, the light sources (fluorescent lamps) 102 are 

25 embedded in the grooves 100a each having- a circular sectional 
shape. As shown in FIG. 18, the luminance peaks attributable 
to the light sources 102 remain as they are, which causes a 
problem in that prior to the use as the area light source 
device, the transmitted light amount correction sheet 106, 

30 the light diffuser 108, the prism sheet 110, etc. need to be 
provided to eliminate unnatural and uneven luminance on the 
light exit surface, leading to an increa sed cost of the area 
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light source device. 

Further, in the backlight of the liquid crystal display 
device disclosed in JP 8-62426 A, parts mounted on an 
electronic circuit board are arranged in a gap formed by 
5 inclining the rear surface of the light guide plate, enabling 
cost reduction, low power consumption, and reduction in size 
and weight of the liquid crystal display device, but no 
consideration is given to the unevenness of the illumination 
light emitted from the light exit surface of the light guide 
10 plate. 

Besides, in the backlight unit of the liquid crystal 
display device disclosed in JP 10-133027 A, the concave 
portion formed in a groove form in the light guide member 
(light guide plate) has a parabolic sectional shape, so light 

15 can enter the light guide member while being diffused almost 
evenly in the light guide member, enhancing the use 
efficiency of the light. However, no consideration is given 
to the unevenness of the light emitted from the light exit 
surface of the light guide member. 

20 In addition, the light guide plate disclosed in JP 5- 

249320 A has a complicated structure where plural plate-like 
optical waveguide layers are laminated, and hence as compared 
with a conventional one, luminance attenuation can be 
suppressed to thereby obtain even luminance and attain an 

25 excellent illumination effect, which however involves a 
problem in high manufacturing cost. 

A first object of the present invention is to provide a 
light guide plate with which the above-mentioned problems of 
the conventional techniques are solved, and which is thin and 

30 lightweight, and is capable of emitting evener illumination 
light having higher luminance from a light exit surface. 

Another object of the present invention is to provide a 
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light guide plate that allows a larger-size light e:xit 
surface in addition to the first object. 

A second object of the present invention is to provide 
a planar lighting device with which the above-mentioned 
5 problems of the conventional techniques are solved, and which 
is thin and lightweight, can be manufactured at a lower cost 
and emit evener illumination light having higher luminance, 
and allows a larger-size light exit surface, or is applicable 
to a liquid crystal display device such as a wall-haung TV. 

10 A third object of the present invention is to provide a 

liquid crystal display device with which the problems of the 
conventional techniques are solved, and which is thzLn and 
lightweight, can be manufactured at a lower cost, enables 
evener display with higher luminance, and allows a ILarger- 

15 size display screen, or can be hung on a wall like a wall- 
hung TV. 

The inventor of the present invention has made intensive 
studies in order to attain the first object, more 
specifically with a view to obtaining a light guide plate 

20 which is thin and lightweight, and is capable of emitting 
evener illumination light having higher luminance from its 
light exit surface, and in which the size of the li<ght exit 
surface can be made larger. As a result, it has been found 
that slimming down and weight reduction are possible by a 

25 transparent light guide plate which includes a rectangular 
light exit surface, a thick portion positioned at 
substantially a central portion in parallel with opposing two 
sides, thin edge portions formed in parallel on botti sides of 
the thick portion, inclined rear portions whose thiokness is 

30 reduced from the thick portion toward the thin edge portions 
to form inclined rear surfaces, and a parallel groove which 
is formed parallel in the thick portion to accommodate a bar- 
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like light source, and that upsizing of the light exit 
surface is also possible by connecting plural light guide 
plates at their thin edge portions. It has been also found 
that the illuminance or luminance of light emitted from the 
5 bar-like light source accommodated in the parallel groove has 
a peak at a first portion of the light exit surface 
corresponding to the parallel groove, leading to uneven 
illumination or luminance; that the peak of the illuminance 
or luminance can be reduced by narrowing or tapering the 

10 parallel groove toward its end portion closer to the light 
exit surface, the illuminance or luminance can have a 
negative peak by sharpening the top of the end portion, and 
the negative peak of the illuminance or luminance can be 
reduced by forming the top of the end portion of the parallel 

15 groove less sharply, to be more specific by chamfering or 
rounding; and that the degree to which the peak of the 
illuminance or luminance is reduced depends on the degree to 
which the end portion of the parallel groove is narrowed or 
tapered. The inventor has thus achieved the present 

20 invention. 

In order to attain the first object described above, the 
first mode of the first aspect of the present invention 
provides a transparent light guide plate, comprising a 
rectangular light exit surface, a thick portion positioned at 

25 substantially a central portion of the rectangular light exit 
surface in parallel with opposing two sides of the 
rectangular light exit surface, thin edge portions formed in 
parallel on both sides of the thick portion, a parallel 
groove which accommodates a bar-like light source and is 

30 formed at substantially a center of the thick portion in 
parallel with the opposing two sides, and inclined rear 
portions which are symmetrical with respect to a plane 
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including a central axis of the bar-like light source and 
perpendicular to the rectangular light exit surface, and 
whose thickness is reduced from the thick portion toward ttne 
thin edge portions in a direction perpendicular to the 
5 opposing two sides to thereby form inclined rear surfaces on 
both sides of the parallel groove, wherein an end portion of 
the parallel groove is narrowed toward the rectangular lighit 
exit surface symmetrically with respect to a center line off 
the parallel groove perpendicular to the rectangular light 

10 exit surface in a sectional shape of the parallel groove inx 
the direction perpendicular to the rectangular light exit 
surface, in accordance with a ratio of a peak value of 
illuminance or luminance of emitted light from the bar-like 
light source accommodated in the parallel groove at a first 

15 portion of the rectangular light exit surface corresponding 

to the parallel groove to an average value of the illuminance 
or luminance of the emitted light at second portions 
corresponding to the inclined rear portions. 

Preferably, the end portion of the parallel groove is 

20 symmetrically narrowed such that a peak value of relative 

illuminance or relative luminance at the first portion of the 
rectangular light exit surface is three or less times as 
large as an average value of the relative illuminance or 
relative luminance at the second portions of the rectangular 

25 light exit surface- 
In order to attain the first object described above, the 
second mode of the first aspect of the present invention 
provides a transparent light guide plate, comprising a 
rectangular light exit surface, a thick portion positioned at 

30 substantially a central portion of the rectangular light esit 
surface in parallel with opposing two sides of the 
rectangular light exit surface, thin edge portions formed i_n 



WO 2005/080863 PCT/JP2005/003087 



parallel on both sides of the thick portion, a parallel 
groove which accommodates a bar-like light source and i s 
formed at substantially a center of the thick portion ix 
parallel with the opposing two sides, and inclined rear 
5 portions which are symmetrical with respect to a plane 

including a central axis of the bar-like light source a^cid 
perpendicular to the rectangular light exit surface, and 
whose thickness is reduced from the thick portion towar<d the 
thin edge portions in a direction perpendicular to the 

10 opposing two sides to thereby form inclined rear surfaces on 
both sides of the parallel groove, wherein an end portion of 
the parallel groove is narrowed toward the rectangular light 
exit surface symmetrically with respect to a center lin-e of 
the parallel groove perpendicular to the rectangular li <jht 

15 exit surface in a sectional shape of the parallel groove in 
the direction perpendicular to the rectangular light ex ±t 
surface, in such a manner that a peak value of illuminance or 
luminance of emitted light from the bar-like light sour ce 
accommodated in the parallel groove at a first portion of the 

20 rectangular light exit surface corresponding to the parallel 
groove is three or less times as large as an average va lue of 
the illuminance or luminance of the emitted light at a second 
portion corresponding to the inclined rear portions. 

It is preferable in the first and second modes of the 

25 first aspect described above that the peak of relative 

illuminance or relative luminance at the first portion of the 
rectangular light exit surface is twice or less as larg e as 
the average value of the relative illuminance or relati ve 
luminance at the second portion of the rectangular ligh. t exit 

30 surface. 

Preferably, the end portion forms an angle of 90 degrees 
or less, the angle being obtained by combining two angl es 
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between both sides of the sectional shape of the parallel 
groove and a perpendicular line extending from a center of 
the bar-like light source toward the rectangular light exit 
surface . 

5 Preferably, the end portion forms an angle of 60 degrees 

or less, the angle being obtained by combining two angles 
between both sides of the sectional shape of the parallel 
groove and a perpendicular line extending from a center of 
the bar-like light source toward the rectangular light exit 
10 surface. 

Preferably, the sectional shape of at least the end 
portion of the parallel groove is defined by part of two 
straight or curved lines symmetrical with respect to the 
center line of the parallel groove, which cross each other at 
15 an intersection as a peak- 
Preferably, the two curved lines defining the sectional 
shape of at least the end portion of the parallel groove are 
convex or concave with respect to the center line of the 
parallel groove. 

20 Preferably, the two curved lines defining the sectional 

shape of at least the end portion of the parallel groove can 
be approximated by a tenth-order mathematical function and 
are convex or concave with respect to the center line of the 
parallel groove. 

25 Preferably, the two curved lines defining the sectional 

shape of at least the end portion of the parallel groove or 
the sectional shape of the parallel groove comprise part of 
circular, elliptical, parabolic, or hyperbolic lines, which 
are convex or concave with respect to the center line of the 

30 parallel groove. 

Preferably, the sectional shape of at least the end 
portion of the parallel groove or the sectional shape of the 
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parallel groove is triangular. 

Preferably, the sectional shape at a top of the 
end portion of the parallel groove is defined by the two 
straight or curved lines symmetrical with respect to the 
5 center line cross each other and a straight or curved line 
symmetrical with respect to the center line which is 
connected to the two straight or curved lines before the two 
straight or curved lines cross each other. 

Preferably, the sectional shape at the top of the end 
10 portion of the parallel groove has a portion parallel with 

the rectangular light exit surface where the intersection as 
the peak is chamfered. 

Preferably, the sectional shape of at least the end 
portion of the parallel groove or the sectional shape of the 
15 parallel groove is triangular, and the sectional shape at the 
top of the end portion of the parallel groove is a 
trapezoidal shape symmetrical with respect to the center line. 

Preferably, the sectional shape at the top of the end 
portion of the parallel groove is a curved shape symmetrical 
20 with respect to the center line and convex or concave with 
respect to the rectangular light exit surface. 

Preferably, the sectional shape at the top of the end 
portion of the parallel groove is a circular, elliptical, 
parabolic, or hyperbolic shape obtained by rounding the 
25 intersection as the peak symmetrically with respect to the 
center line. 

Preferably, the sectional shape of at least the end 
portion of the parallel groove is defined by part of a 
elliptical or hyperbolic line. 
30 Preferably, the top of the end portion of the parallel 

groove is sanded. 

Preferably, a halftone dot pattern is formed -in a 
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portion of the rectangular light exit surface corresponding 
to the top of the end portion of the parallel groove. 

In order to attain another object described above, the 
third mode of the first aspect of the present invention 
5 provides a light guide plate formed from two or more light 
guide plates according to any one of the above light guide 
plates, which are connected with each other at the thin edge 
portions thereof. 

In order to attain the second object described above, 

10 the second aspect of the present invention provides a planar 
lighting device comprising a light guide plate according to 
any one of the above first aspect, a bar-like light source 
accommodated in the parallel groove of the light guide plate, 
a reflector provided behind the bar-like light source to 

15 cover the parallel groove, a reflective sheet provided on the 
inclined rear surfaces of the inclined rear portions on both 
sides of the thick portion of the light guide plate, and a 
diffusion sheet arranged on the rectangular light exit 
surface of the light guide plate. 

20 It is preferable that the planar lighting device further 

comprises a prism sheet arranged between the rectangular 
light exit surface of the light guide plate and the diffusion 
sheet . 

Preferably, a ratio of a peak value of relative 
25 illuminance or luminance at a first portion of the 

rectangular light exit surface of the light guide plate to an 
average value of relative illuminance or luminance at a 
second portion of the rectangular light exit surface is 
determined in accordance with a permissible gap between the 
30 rectangular light exit surface of the light guide plate and 

the diffusion sheet, or a permissible thickness of the planar 
lighting device. 
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In order to attain the third object described above, the 
third aspect of the present invention provides a liquid 
crystal display device, comprising a backlight unit 
including a planar lighting device according to any one of 
5 the above second aspect, a liquid crystal display panel 

arranged on a light exit surface side of the backlight unit, 
and a drive unit driving the backlight unit and the liquid 
crystal display panel. 

According to the first aspect of the present invention, 

10 it is possible to make a thin and lightweight light guide 
plate which emits evener illumination light having higher 
luminance from the light exit surface. 

Further, according to the first mode of the first aspect 
of the present invention, a sectional shape of the parallel 

15 groove is designed as a narrowed shape or a tapered shape 
toward the end portion closer to the light exit surface 
according to the ratio of the peak value of illuminance or 
luminance of the light emitted from the bar-like light source 
accommodated in the parallel groove at the first portion of 

20 the light exit surface corresponding to the parallel groove 

to the average value of the illuminance or luminance at other 
portions, whereby the peak of the illuminance or luminance 
can be lowered, the illuminance or luminance on the light 
exit surface can be made evener, and the evenness required of 

25 the light exit surface can be attained. 

Further, according to the second mode of the first 
aspect of the present invention, a sectional shape of the 
parallel groove is designed as a narrowed or tapered shape 
toward the end portion closer to the light exit surface such 

30 that the peak value of illuminance or luminance at the first 
portion of the light exit surface is three or less times as 
large as the average value of the illuminance or luminance on 
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other portions, whereby the peak of the illuminance or 
luminance can be lowered, and the illuminance or luminance 
on the light exit surface can be made evener. 

Further, according to the third mode of the first aspect 
5 of the present invention, the thin edge portions of the light 
guide plates according to the first or second mode are 
connected to each other, whereby the size of the light exit 
surface of the light guide plate can be made larger. 

Further, according to the second aspect of the present 

10 invention, using the light guide plate according to the first 
aspect makes it possible to provide a thin and lightweight 
planar lighting device, which can be manufactured at lower 
cost and emit evener illumination light with higher luminance, 
which allows a large-size illumination surface, and which is 

15 applicable to a liquid crystal display device such as a wall- 
hung TV. 

Further, according to the third aspect of the present 
invention, using the planar lighting device according to the 
second aspect makes it possible to provide a thin and 
20 lightweight liquid crystal display device, which can be 

manufactured at lower cost and ensures evener display with 
higher luminance and which allows a larger-size display 
screen or can be hung on a wall such as a wall-hung TV. 

25 Brief Description of Drawings 

FIGS. 1A and IB are a schematic perspective view and a 
schematic sectional view of a liquid crystal display device 
using a backlight unit including a light guide plate 
according to the present invention, respectively; 

30 FIG. 2A is a schematic sectional view showing how a 

prism sheet is sandwiched between a reflective sheet and an 
inclined surface of the light guide plate, and FIG. 2B shows 
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in schematic plan view and schematic cross-sectional view the 
prism sheet sandwiched between the reflective sheet and the 
inclined surface of the light guide plate as viewed from the 
light guide plate side; 
5 FIG. 3 is a schematic sectional view of a light guide 

plate in the case where a section taken along a direction 
perpendicular to the longitudinal direction of a parallel 
groove has a hyperbolic shape; 

FIG. 4 is a schematic sectional view of a light guide 

10 plate in the case where a section taken along a direction 
perpendicular to the longitudinal direction of a parallel 
groove has an elliptical shape; 

FIG. 5 is a schematic sectional view of a light guide 
plate where a sectional shape along a direction perpendicular 

15 to the longitudinal direction of a parallel groove is defined 
by a part of two arcuate curved lines symmetrical with 
respect to a center line passing through the center of the 
parallel groove and extending vertically with respect to a 
light exit surface of the light guide plate; 

20 FIG. 6 is a schematic sectional view of a light guide 

plate where a sectional shape along a direction perpendicular 
to the longitudinal direction of a parallel groove is defined 
by a part of two parabolic curved lines symmetrical with 
respect to a center line passing through the center of the 

25 parallel groove and extending vertically with respect to a 
light exit surface of the light guide plate; 

FIG. 7 is a schematic sectional view of a light guide 
plate where a sectional shape along a direction perpendicular 
to the longitudinal direction of a parallel groove is defined 

30 by two curved lines convex with respect to the center of the 
parallel groove; 

FIG. 8 is a schematic sectional view of a light guide 
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plate where a sectional shape along a direction perpendicular 
to the longitudinal direction of a parallel groove is 
defined by a combination of curved lines convex and concave 
with respect to the center of the parallel groove; 
5 FIG . 9 shows an example of a halftone dot pattern formed 

on a light exit surface side of a light guide plate; 

FIG. 10 is a graph showing an illuminance distribution 
of light emitted from a light exit surface of a light guide 
plate when a sectional shape of a parallel groove of the 

10 light guide plate is variously changed; 

FIG. 11 is a graph showing an illuminance distribution 
of light emitted from a light exit surface of a light guide 
plate when the deepest portion of a parallel groove is 
leveled, and a length of the portion to be leveled is 

15 variously changed; 

FIGS. 12A to 12D are schematic sectional views of a 
light guide plate having a parallel groove where the length 
of the leveled portion of the deepest portion is 1.5 mm, 1.0 
mm, 0.5 mm, or 0.25 mm; 

20 FIG. 13 is a graph showing an illuminance distribution 

of light emitted from a light exit surface of a light guide 
plate when the deepest portion of a parallel groove is formed 
into a curved shape having a radius of curvature R and the 
radius of curvature of the curved surface is variously 

25 changed; 

FIGS. 14A to 14D are schematic sectional views of a 
light guide plate where the radius of curvature at the vertex 
of a triangular sectional shape of a parallel groove is 0.25 
mm, 0.5 mm, 1.0 mm, or 1.5 mm; 

30 FIG. 15 is a schematic sectional view of light guide 

plates of the present invention arranged in line; 

FIG. 16A shows a structural example where a reflection 
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plates are disposed outside lateral surfaces of a light guide 
plate of the present invention, and FIG. 16B shows a 
structural example where reflection plates are disposed 
outside lateral surfaces of the outermost light guide plates 
5 when the light guide plates of the present invention are 
arranged in line; 

FIG. 17 is a schematic sectional view of an area light 
source device having a conventional light guide plate; and 

FIG. 18 is a graph showing luminance on the light exit 
10 surface of the light guide plate of the area light source 
device shown in FIG. 17. 

Best Mode for Carrying out the Invention 

Hereinafter, a light guide plate, and a planar lighting 

15 device and a liquid crystal display device using the liquid 
guide plate according to the present invention will be 
described in detail based on preferred embodiments shown in 
the accompanying drawings . 

FIGS. 1A and IB are a schematic perspective view and a 

20 schematic sectional view of a liquid crystal display device 
according to a third aspect of the present invention, which 
uses as a backlight unit, a planar lighting device according 
to a second aspect of the present invention, which includes a 
light guide plate according to a first aspect of the present 

25 invention. As shown in FIGS. 1A and IB, a liquid crystal 
display device 10 basically includes a backlight unit 2, a 
liquid crystal display panel 4 disposed on a light exit 
surface side of the backlight unit 2, and a drive unit 6 for 
driving those components. 

30 The backlight unit 2 is a planar lighting device or 

illuminator for evenly irradiating the entire surface of the 
liquid crystal display panel 4 with light from its rear side, 



WO 2005/080863 PCT/JP2005/003087 

18 



and has a light exit surface (light emitting surface) having 
substantially the same size as an image display surface of 
the liquid crystal display panel 4. The backlight unit 2 is, 
as shown in FIGS. 1A and IB, basically provided with a light 
5 source 12, a diffusion sheet 14, two prism sheets 16 and 17, 
a light guide plate 18, a reflector 20, and a reflective 
sheet 22. 

The light source 12 is a bar-like cold-cathode tube 
having a small diameter, which is used for illuminating the 

10 liquid crystal display panel 4. The light source 12 is 

arranged inside a parallel groove 18f formed in the light 
guide plate 18 and connected to the drive unit 6. In this 
example, the light source 12 is the cold-cathode tube, but 
the present invention is not limited to this, and any bar- 

15 like light source can be used. The light source 12 may be, 
for example, an ordinary fluorescent tube or an LED (light 
emitting diode) . 

In FIGS. 1A and IB, the diffusion sheet 14 diffuses 
light emitted from a light exit surface 18a of the light 

20 guide plate 18 to make the light even, and is formed by 

imparting light diffusion property to a plate-like member 
made of an optically transparent resin, for example, PET 
(polyethylene terephthalate) , PP (polypropylene) , PC 
(polycarbonate) , PMMA (polymethyl methacrylate) , benzyl 

25 methacrylate or MS resin, other acrylic resins, or COP 

(cycloolefin copolymer) . The method of forming the sheet is 
not particularly limited, but for example, the sheet is 
formed by imparting the light dispersion property through 
finely embossing, polishing or otherwise processing the 

30 surface of the plate-like member to obtain a roughened 

surface (hereinafter, the treated surface is referred to as 
"sanded surface" or M sand-rubbed surface") , by applying to 
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the surface, a material that allows light to be scattered 
over the surface, as exemplified by a pigment such as silica, 
titanium oxide, or zinc oxide, a resin, or beads of glass or 
zirconium together with a binder, or by kneading the 
5 aforementioned resin with the pigment or beads that allow the 
light to be scattered in the resin. In the present invention, 
a mat or coating type diffusion sheet can be used as the 
diffusion sheet 14. 

In the present invention, the diffusion sheet 14 is also 

10 preferably a film-like member made of the above material, 
having a thickness of 500 pm or less, and exhibiting the 
light diffusion property. 

The diffusion sheet 14 is preferably arranged at a 
predetermined distance from the light exit surface 18a of the 

15 light guide plate 18, and the distance can be appropriately 
changed according to the light amount distribution of light 
from the light exit surface 18a of the light guide plate 18. 
By placing the diffusion sheet 14 at the predetermined 
distance from the light exit surface 18a of the light guide 

20 plate 18 as described above, the light emitted from the light 
exit surface 18a of the light guide plate 18 is further 
subjected to mixing between the light exit surface 18a and 
the diffusion sheet 14. Thus, the illuminance of the light 
illuminating the liquid crystal display panel 4 after having 

25 passed through the diffusion sheet 14 can be made evener. In 
order to dispose the diffusion sheet 14 at a predetermined 
distance from the light exit surface 18a of the light guide 
plate 18, a spacer may be provided between the diffusion 
sheet 14 and the light guide plate 18, for example. 

30 In particular, if the thickness of the backlight unit 2 

can be increased a little, the peak value of the illuminance 
on the light exit surface 18a of the light guide plate 18 
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corresponding to the parallel groove 18f does not need to be 
reduced sufficiently in accordance with the sectional shape 
of the parallel groove 18f of the light guide plate 18. It 
is possible to partially reduce the value and ensure a gap 
5 between the diffusion sheet 14 and the light exit surface 18a 
of the light guide plate 18 to obtain an even illuminance 
distribution of illumination light emitted from the diffusion 
sheet 14. Also, due to a limitation on improvements in 
sectional shape of the parallel groove 18f of the light guide 

10 plate 18 (narrowing or tapering of the end portion of the 

parallel groove) , if the peak value of the illuminance on the 
light exit surface 18a of the light guide plate 18 
corresponding to the parallel groove 18f cannot be completely 
or sufficiently reduced, a gap may be provided between the 

15 diffusion sheet 14 and the light exit surface 18a of the 

light guide plate 18 to thereby obtain the even illuminance 
distribution of the illumination light emitted from the 
diffusion sheet 14. 

The prism sheets 16 and 17 are transparent sheets formed 

20 by arranging plural prisms in parallel, which enhance 

condensing property of light emitted from the light exit 
surface 18a of the light guide plate 18 to improve luminance. 
A prism array of one of the prism sheets 16 and 17 extends in 
a direction parallel with the parallel groove 18f of the 

25 light guide plate 18, while a prism array of the other 

thereof extends in a direction perpendicular thereto. That 
is, the prism sheets 16 and 17 are arranged such that the 
directions in which the prism arrays extend cross at right 
angles. Further, the prism sheet 16 is arranged such that 

30 the vertex of each prism faces the light exit surface 18a of 
the light guide plate 18. Here, regarding the arrangement 
order of the prism sheets 16 and 17, the prism sheet 16 
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having prisms arranged in parallel with the parallel groove 
18f of the light guide plate 18 may be arranged just above 
the light guide plate 18, and the prism sheet 17 having 
prisms arranged in the direction perpendicular to the 
5 parallel groove 18f of the light guide plate 18 on the prism 
sheet 16, and vice versa. 

Also, in the illustrated example, the prism sheet is 
used. Instead of the prism sheet, a sheet on which optical 
elements like the prism are regularly arranged may be used. 

10 Further, a sheet on which elements each having a lens effect, 
for example, lenticular lens, concave lens, convex lens, or 
pyramid type optical elements are regularly arranged may 
replace the prism sheet. 

In the present invention, as shown in FIGS. 2A and 2B, 

15 it is preferable to additionally interpose a prism sheet 19 
between the reflective sheet 22 and an inclined surface 18d 
opposite to the light exit surface 18a of the light guide 
plate 18. FIG. 2A is a schematic sectional view showing how 
the prism sheet 19 is arranged between the reflective sheet 

20 22 and the inclined surface 18d of the light guide plate 18. 
FIG. 2B shows in schematic plan view and schematic cross- 
sectional view the prism sheet 19 interposed between the 
reflective sheet 22 and the inclined surface 18d of the light 
guide plate 18 as viewed from the light guide plate side. 

25 The prism sheet 19 interposed between the reflective sheet 22 
and the inclined surface 18d of the light guide plate 18 is 
preferably arranged such that prisms 19a extend in a 
direction perpendicular to the parallel groove 18f of the 
light guide plate 18, and the vertex of each prism 19a faces 

30 the inclined surface 18d of the light guide plate 18. 

Here, the prism sheet is used, but it is possible to use 
an optical element having the similar effect to that of the 
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prism sheet. For example, a sheet on which optical elements 
having the lens effect such as lenticular lens, concave lens, 
convex lens, or pyramid type optical elements are regularly 
arranged may be arranged. 
5 Note that in the illustrated example, the prism sheets 

16 and 17, and more preferably the prism sheet 19 are used, 
but if the illuminance on the light exit surface 18a 
determined by the parallel groove 18f of the light guide 
plate 18 is made evener, it is possible to dispense with, of 

10 course, the prism sheet 19, and with one or both of the prism 
sheets 16 and 17. Reducing the number of expensive prism 
sheets used or dispensing with the prism sheets enables 
reduction in apparatus cost. 

In FIG. IB, the reflective sheet 22 reflects light 

15 leaking from the rear surface (lower surface in FIG . IB) of 

the light guide plate 18 to let the reflected light enter the 
light guide plate 18 again, making it possible to use the 
light more efficiently. The reflective sheet 22 covers the 
lower surface (inclined surface) of the light guide plate 18. 

20 The reflector 20 is disposed behind the light source 12 so as 
to block the parallel groove 18f of the light guide plate 18. 
The reflector 20 reflects the light from the lower surface of 
the light source 12 to make the reflected light enter the 
light guide plate 18 through sidewall surfaces of the 

25 parallel groove 18f thereof. 

The reflective sheet 22 may be formed of any material 
insofar as the material is capable of reflecting the light 
leaking from the rear surface (lower surface in FIG. IB) of 
the light guide plate 18. It is possible to form the sheet 

30 using, for example, a resin sheet whose reflectivity is 

enhanced by kneading PET, PP, etc. with a filler and then 
drawing the resultant mixture to thereby form voids, a sheet 
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obtained by mirror-finishing a transparent or white resin 
sheet surface through vapor deposition of aluminum or the 
like, a metal foil such as an aluminum foil or a resin sheet 
having the metal foil, or a metal thin plate whose surface 
5 has sufficient reflectivity. Also, the reflector 20 can be 
formed using the same material as the reflective sheet 22, 
that is, a resin material whose surface has sufficient 
reflectivity, the metal foil, or the metal plate. 

Referring to FIG. IB, the light guide plate 18 includes 

10 the rectangular light exit surface 18a, a thick portion 18b 
extending parallel with opposing two sides of the plate 18, 
thin edge portions 18c formed at both sides of the thick 
portion 18b also extending parallel with the two sides, 
inclined rear portions 18e having the inclined surfaces 18d 

15 formed by reducing the thickness from the thick portion 18b 
toward the thin edge portions 18c in a direction 
perpendicular to the two sides, and the parallel groove 18f 
which accommodates the light source 12 and is formed in the 
thick portion 18b parallel with the two sides. That is, the 

2 0 light guide plate 18 is a flat plate having a rectangular 

shape and formed of a transparent resin. In the light guide 
plate 18, one surface is made flat, while the other surface 
is inclined with respect to the one surface such that the 
plate thickness is reduced toward the two sides. Here, the 

2 5 inclined surfaces 18d are flat but may be curved. 

The parallel groove 18f for accommodating the light 
source 12 extends in a longitudinal direction in the thick 
portion 18b of the light guide plate 18 opposite to the light 
exit surface 18a. The depth of the parallel groove 18f is 

3 0 preferably determined so as to prevent part of the light 

source 12 from protruding from the lower surface of the light 
guide plate 18. The depth is preferably determined in 
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consideration of the size of the light source 12, mechanical 
strength of the light guide plate 18, and the change with 
time. Also, the thicknesses of the thick portion 18b or thin 
edge portions 18c of the light guide plate 18 can be changed 
5 arbitrarily in accordance with the size of the light source 
12. Here, the parallel groove 18f of the light guide plate 
18 may be formed in a direction perpendicular to the 
longitudinal direction of the light guide plate 18, but 
preferably in the longitudinal direction for using more 

10 efficiently the light from the light source 12 accommodated 
in the parallel groove 18f. 

In the light guide plate 18 structured as shown in FIGS. 
1A and IB, part of the light emitted from the light source 12 
arranged in the parallel groove 18f enters the inner portion 

15 of the light guide plate 18 through the sidewalls forming the 
parallel groove 18f, is reflected on the inclined surfaces 
18d of the light guide plate 18 and then exits from the light 
exit surface 18a. At this time, part of the light leaks from 
the lower surface of the light guide plate 18, but the leaked 

20 light is reflected on the reflective sheet 22 formed on the 
inclined surface 18d side of the light guide plate 18 to 
enter the inner portion of the light guide plate 18 again, 
and then exits from the light exit surface 18a. Thus, the 
light is evenly emitted from the light exit surface 18a of 

25 the light guide plate 18. 

For example, the light guide plate 18 can be prepared by 
a method of molding a heated material resin through extrusion 
or injection molding, or a casting polymerization method for 
molding through polymerization of a monomer, an oligomer or 

30 the like in a mold. A material for the light guide plate 18 
may be a transparent resin, for example selected from an 
acrylic resin such as PMMA, PET, PP, PC, benzyl methacrylate, 
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MS resin, other acrylic resins and COP. The transparent 
resin may be mixed with fine particles for scattering light, 
and the efficiency of light emitted from the light exit 
surface 18a can be further improved. 
5 In FIGS. 1A and IB, the parallel groove 18f of the light 

guide plate 18 is formed into a triangular shape in section 
taken along a direction perpendicular to the longitudinal 
direction of the parallel groove 18f (hereinafter referred to 
simply as sectional shape of the parallel groove) . Here, the 

10 sectional shape of the parallel groove 18f is triangular, but 
in the present invention, the parallel groove 18f may have 
any sectional shape that is symmetrical with respect to a 
center line passing through the deepest portion or center of 
the parallel groove 18f and extending vertically with respect 

15 to the light exit surface 18a of the light guide plate 18, 

and is narrowed or tapered toward the light exit surface 18a. 
For example, as shown in FIGS. 3 and 4, a hyperbolic or 
elliptical sectional shape may be adopted. Alternatively, 
the parallel groove 18f of the light guide plate 18 may have 

20 a catenarian sectional shape. 

Further, in the present invention, the parallel groove 
may have such a sectional shape that the deepest portion of 
the parallel groove (joint of sidewalls constituting the 
parallel groove) forms a vertex. More specifically, the 

25 parallel groove can take a sectional shape in its end portion, 
which, is defined by part of two curved or straight lines 
crossing at an intersection as a peak, these lines being 
symmetrical with respect to the center line passing trough 
the center of the parallel groove and extending vertically 

30 with respect to the light exit surface of the light guide 

plate . In the present invention, the parallel groove of the 
light guide plate having any of the above sectional shapes 
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allows the light emitted from the light exit surface of the 
light guide plate to be made even. 

FIG. 5 shows a case where the parallel groove 18f takes 
the sectional shape at its end portion, which is defined by 
5 part of two curved lines crossing at an intersection as a 
peak, these lines being symmetrical with respect to the 
center line passing trough the center of the parallel groove 
18 f and extending vertically with respect to the light exit 
surface of the light guide plate. In a light guide plate 50 

10 shown in FIG. 5, used are two arcuate curved lines 54a and 
54b symmetrical with respect to the center line X passing 
through the center of the parallel groove and extending 
vertically with respect to a light exit surface 52 of the 
light guide plate 50. In this case, as shown in FIG. 5, 

15 center positions of the arcuate line 54a corresponding to one 
sidewall forming the parallel groove 18f and the arcuate line 
54b corresponding to the other sidewall are shifted from each 
other, so a portion 56 where the arcuate sidewalls intersect 
each other forms a peak as shown in FIG. 5. 

20 Further, FIG. 6 shows another case where the parallel 

groove 18f takes the sectional shape at its end portion, 
which is defined by part of two curved lines crossing at an 
intersection as a peak, these lines being symmetrical with 
respect to the center line passing trough the center of the 

25 parallel groove 18f and extending vertically with respect to 
the light exit surface of the light guide plate. In a light 
guide plate 60 shown in FIG. 6, used are two parabolic curved 
lines 64a and 64b symmetrical with respect to the center line 
X passing through the center of the parallel groove 18f and 

30 extending vertically with respect to the light exit surface 
of the light guide plate. In FIG. 6, the sidewalls of the 
parallel groove 18f are formed in such a way that focal 
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points of the parabolic line 64a corresponding to one 
sidewall forming the parallel groove 18f and parabolic line 
64b corresponding to the other sidewall 22b are shifted from 
each other. 

5 As shown in FIG. 6, when the parallel groove has a 

sectional shape at its end portion, which is defined by the 
two curved lines 64a and 64b crossing at an intersection 66, 
an angle 9 between the tangent at the intersection (peak) 66 
of the curved line 64a corresponding to one sidewall of the 
10 parallel groove 18f and the tangent at the intersection 66 of 
the curved line 64b corresponding to the other sidewall is 
preferably 90 degrees or less, more preferably 60 degrees or 
less . 

FIGS. 1A to 6 each show an example of the light guide 

15 plate where the curved lines forming the sidewalls of the 

parallel groove are concave with respect to the center of the 
parallel groove in the sectional shape of the parallel groove, 
while FIGS. 7 and 8 show other forms of the light guide 
plates of. the present invention which are different from the 

20 light guide plates described above. FIG. 7 shows an example 
of a light guide plate 70 where the parallel groove 18f has a 
sectional shape defined by two curved lines 72a and 72b 
convex with, respect to the center of the parallel groove 18f . 
FIG. 8 shoves an example of a light guide plate 80 where the 

25 parallel groove 18f has a sectional shape defined by a 

combination, of convex curved lines 82a and 82b and concave 
curved lines 84a and 84b with respect to the center of the 
parallel groove 18f. It is also possible to emit light with 
sufficient illuminance from the light exit surface while 

30 suppressing - generation of emission lines by using the light 
guide plates 70 and 80 having the parallel grooves with the 
sectional shapes as shown in FIGS. 7 and 8, respectively. 
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In this way, according to the present invention, in the 
sectional shape of the parallel groove of the light guide 
plate, portions corresponding to the parallel groove may be 
formed into a curved or straight shape convex or concave with 
5 respect to the center of the parallel groove, or a 

combination thereof may be used. Those curved lines are not 
limited to arcuate lines of the illustrated example, but may 
be part of curved lines, for example, elliptical, parabolic, 
or hyperbolic curved lines convex or concave with respect to 

10 the center of the parallel groove. Further, in the present 
invention, any sectional shape may be adopted for the end 
portion of the parallel groove insofar as the end portion is 
narrowed or tapered as described below. For example, the 
curved lines forming the parallel groove may be part of 

15 curved lines, for example, circular, elliptical, parabolic, 
or hyperbolic curved lines convex or concave with respect to 
the center of the parallel groove. It is preferable to use 
curved lines that can be approximated by a tenth-order 
mathematical function . 

20 In the light guide plate of the present invention, as 

shown in FIG. 9, a halftone dot pattern 92 where halftone dot 
density is high at a given center line X, and is decreased 
from the center line X toward both sides thereof (in a 
direction perpendicular to the center line) may be formed on 

25 the light exit surface 18a of the light guide plate 18 by 

printing, for example. The halftone dot pattern 92 is formed 
such that the center line X of the halftone dot pattern 
coincides with the position corresponding to the center line 
of the parallel groove of the light guide plate 18. Thus, it 

30 is possible to suppress the generation of emission lines on 
the light exit surface 18a of the light guide plate 18 or 
light unevenness. Also, instead of printing the halftone dot 
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pattern 92 on the light guide plate 18, a thin sheet having 
the halftone patterns formed thereon may be laminated on the 
light exit surface 18a. The halftone dot may be of any shape 
such as a rectangular, circular, or elliptical shape. The 
5 halftone dot density may be appropriately selected according 
to the intensity or spread of emission lines. Also, instead 
of forming such a halftone dot pattern through printing, a 
portion corresponding to the halftone dot pattern may be made 
rough as a sanded surface. Such a sanded surface may be 

10 formed at the deepest portion or sidewall of the parallel . 
groove of the light guide plate. 

Next, the illuminance distribution of light emitted from 
the light exit surface of the light guide plate was examined 
while the sectional shape of the parallel groove of the light 

15 guide plate was variously changed. First examined were the 
light guide plates according to the present invention as 
shown in FIGS. 1A, IB and 3 each of which had the parallel 
groove 18f whose sectional shape was triangular or hyperbolic. 
Conventional light guide plates each of which had the 

20 parallel groove 18f whose sectional shape was parabolic or 
semicircular were also examined. FIG. 10 shows a relative 
illuminance distribution on the light exit side surface of 
each light guide plate. In FIG. 10, the vertical axis 
represents the relative illuminance, while the horizontal 

25 axis represents the distance from the center position of the 
light guide plate (center portion of the parallel groove) . 
Here, the relative illuminance was measured as described 
below. 

In a state where a light source is incorporated into the 
30 light guide plate of the present invention to allow light to 
enter the light guide plate and exit from the light exit 
surface, the plate is fixed to an XY stage and an 
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illuminometer is fixed vertically with respect to the light 
exit surface of "the light guide plate. The illuminance is 
measured at a specific position of the light exit surface 
with the illuminometer, and illuminance information regarding 
5 the specific position of the light exit surface of the light 
guide plate is obtained. 

Thereafter, the XY stage is moved to determine the 
relation between the position on the light exit surface and 
the illuminance "thereby calculating the average value over 

10 the entire surface. The ratio obtained by dividing the 
illuminance at each position by the average value of the 
illuminance means the relative illuminance at the position. 

The illuminance on one axis extending perpendicularly to 
the axial direction of the parallel groove can also be 

15 measured and used as a representative value to facilitate the 
comparison on the sectional shape. 

Further, in "the case of measuring the relative luminance, 
a luminance meter may be used instead of the illuminometer; 
the relative luminance distribution on the light exit side 

20 surface of the lxght guide plate can be obtained by use of 
the luminance meter. 

As is apparent from FIG. 10, when the parallel groove of 
the light guide plate is formed into a hyperbolic shape in 
section, the peak value of the relative illuminance at the 

25 portion corresponding to the parallel groove is 10 or less 
times as large as the average value of the relative 
illuminance which is determined by emitted light from the 
inclined rear surface portion and the illuminance of light 
from the light exit surface is substantially even. On the 

30 other hand, in the conventional light guide plate where the 
parallel groove has a semicircular or parabolic sectional 
shape, as shown ±n FIG. 10, the central portion of the 
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parallel groove, that is, the position just above the light 
source exhibits a higher relative illuminance, and emission 
lines are observed. That is, in the conventional light guide 
plate where the parallel groove has the semicircular or 
5 parabolic sectional shape, the illuminance on the light exit 
surface is not even. 

Also, in the light guide plate where the parallel groove 
has a triangular sectional shape, the relative illuminance of 
the central portion is low. With the above parallel groove 

10 having the triangular sectional shape, the vertex is leveled 
by a predetermined width or curved with relatively small 
radius of curvature, so that the illuminance on the light 
exit surface can be made even. This process will be 
described below. 

15 FIG. 11 shows the illuminance distribution of light 

emitted from the light exit surface of the light guide plate 
in the case where the parallel groove of the light guide 
plate has a triangular sectional shape, the deepest portion 
of the parallel groove (vertex of the triangular parallel 

20 groove) is leveled, and the length of the portion to be 

leveled is variously changed. In FIG. 11, the vertical axis 
represents the relative illuminance, while the horizontal 
axis represents the distance from the central portion of the 
parallel groove formed in the light guide plate. Here, for 

25 ease of calculation, the diameter of a cold-cathode tube is 
set at 3 mm, and the length of the portion to be leveled is 
set at 1.5 mm, 1.0 mm, 0.5 mm, or 0.25 mm. FIGS. 12A to 12D 
are schematic sectional views of the light guide plate having 
the parallel groove triangular in section, where the length 

30 of the portion to be leveled in the deepest portion is set at 
1.5 mm, 1.0 mm, 0.5 mm, or 0.25 mm. 

As shown in the graph of FIG. 11, the relative 
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illuminance at the portion corresponding to the parallel 
groove of the light guide plate varies depending on the 
length of the leveled, portion. Here, in the present 
invention, the longer? leveled portion at the deepest portion 
5 of the parallel groove increases the illuminance, but an 

excessively leveled portion may generate an emission line. 
Hence, it is preferable to set the length of the portion to 
be leveled at 20% or less, more preferably 10% or less of the 
diameter of the cold— cathode tube. 

10 FIG. 13 shows an illuminance distribution of light 

emitted from the light exit surface of the light guide plate 
when the deepest portion of the parallel groove having a 
triangular sectional shape is curved with a radius of 
curvature R and the irradius of curvature of the surface to be 

15 curved is variously changed. In this example, the radius of 
the cold-cathode tube was set at 3 mm, and measurement was 
made on the light guide plate where the radius of curvature 
at the vertex was set at 0.25 mm, 0.5 mm, 1.0 mm, or 1.5 mm. 
FIGS. 14A to 14D are schematic sectional views of the light 

20 guide plate having the parallel groove triangular in section, 
where the radius of curvature at the vertex is set at 0.25 mm, 
0.5 mm, 1.0 mm, or 1 - 5 mm. The graph of FIG. 13 reveals that 
the relative illuminance at a portion corresponding to the 
parallel groove of the light guide plate is changed according 

25 to the radius of curvature at the vertex of the parallel 

groove, and the relative illuminance is substantially even on 
the light exit surface of the light guide plate when the 
radius of curvature R at the vertex is 0.25 mm. 

As will be understood from the above, the illuminance of 

30 light from the light exit surface largely depends on the 

shape of the end portion of the parallel groove in the light 
guide plate. That is, the illuminance on the light exit 
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surface of the light guide plate can be adjusted to an 
optimum value and made even by merely designing the parallel 
groove of the light guide plate into a shape according to 
the present invention. 
5 The illuminance and luminance are substantially 

equivalent on the light guide plate surface. Thus, it is 
presumed from the graphs of FIGS. 11 and 13 showing the 
relative illuminance that the luminance shows the same 
tendency as well in the present invention. Therefore, it is 

10 conceivable that the luminance on the light exit surface of 
the light guide plate can be also made even by designing the 
parallel groove of the light guide plate so as to have a 
shape according to the present invention. 

The top (deepest portion) of the end portion of the 

15 parallel groove may h>e in a level shape as obtained by 

chamfering the top at the acute intersection so as to be 
symmetrical with respect to the center line of the parallel 
groove. Not only a rounded circular shape but also 
elliptical, parabolic, and hyperbolic shapes are also 

20 applicable. Further, in addition to this, the top (deepest 
portion) of the end portion of the parallel groove may be 
sanded or sand-rubbed as mentioned above to thereby reduce 
the peak value of the illuminance or luminance. 

Based on the above, in the light guide plate according 

25 to the first mode of the first aspect of the present 

invention, it is determined to which extent the end portion 
of the parallel groove 18f of the light guide plate 18 is 
narrowed or tapered according to the ratio of the peak value 
of emission line (peak value of illuminance) observed at a 

30 portion (first portion) corresponding to the parallel groove 
18f on the light exit surface 18a of the light guide plate 18 
to the average value of illuminance measured at a portion 
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other than the parallel groove 18f, that is, portion 
corresponding to the inclined surface 18d (second portion) . 
To be specific, it is controlled the degree to which the end 
portion of the parallel groove 18f of the light guide plate 
5 18 is narrowed or tapered according to the ratio. In this 

case, as in the second, mode to be described below, the ratio 
is preferably set at 3 or less, more preferably 2 or less. 

The ratio is preferably set according to the thickness 
of the backlight unit 2 (distance between the light exit 

10 surface 18a of the light guide plate 18 and the diffusion 

sheet 14), the diffusion efficiency of the diffusion sheet 14 
used in the backlight unit 2 or the number of sheets, or the 
diffusion efficiency of the prism sheets 16, 17, and 19 or 
the number of sheets used. That is, in the case where the 

15 thickness of the backlight unit 2 (distance between the light 
exit surface 18a of the light guide plate 18 and the 
diffusion sheet 14) can be increased to some extent, where 
the diffusion efficiency of the diffusion sheet 14 used in 
the backlight unit 2 ±s high and the number of sheets used 

20 can be increased, or where the diffusion efficiency of the 

prism sheets 16, 17, and 19 is high, and the number of sheets 
used can be increased, diffusion (mixing etc.) of 
illumination light emitted from the light exit surface 18a of 
the light guide plate 18 can be sufficiently carried out, 

25 leading to a high cost. However, the ratio of the peak value 
of illuminance at the first portion of the light exit surface 
18a of the light guide plate 18 to the average value of 
illuminance at the second portion of the light exit surface 
18a of the light guide plate 18 can be set at a fairly large 

30 value; otherwise, cost reduction is possible but the ratio 
needs to be set small - 

On the other hand, in the light guide plate according to 
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the second mode of the first aspect of the present invention, 
the end portion of the parallel groove 18f of the light 
guide plate 18 is narrowed or tapered such that the peak 
value of illuminance at the first portion of the light exit 
surface 18a of the light guide plate 18 is three or less 
times, preferably twice or less as large as the average value 
of illuminance at the second portion of the light exit 
surface 18a of the light guide plate 18. Here, the peak 
value of the illuminance at the first portion of the light 
exit surface 18a of the light guide plate 18 is set three or 
less times larger than the average value of the illuminance 
at the second portion of the light exit surface 18a of the 
light guide plate 18 because the illuminance distribution of 
the illumination light emitted from the light exit surface 
18a of the light guide plate 18 can be made evener than in 
the conventional case. As a result, it is unnecessary to 
carry out the diffusion (mixing etc.) of the illumination 
light emitted from the light exit surface 18a of the light 
guide plate 18 so much. In addition, the inexpensive 
diffusion sheet: 14 having relatively low diffusion efficiency 
can be used, and the number of sheets used can be reduced. 
Besides, it is possible to dispense with the expensive prism 
sheets 16, 17, and 19, or use the inexpensive prism sheets 16, 
17, and 19 having relatively low diffusion efficiency or 
reduce the number of sheets used. 

In the light guide plate 18 according to the first 
aspect of the present invention, the end portion of the 
parallel groove 18f to be narrowed or tapered preferably form, 
in its sectional shape, an angle of 90 degrees or less, more 
preferably 60 degrees or less, the angle being obtained by 
combining two angles between both sides of the sectional 
shape and the perpendicular (X) extending from the center of 
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the bar-like light source 12 toward the light exit surface 
18a. More specifically, in the present invention, as a 
portion of the parallel groove 18f to be narrowed or tapered 
for reducing the peak value of the illuminance at the first 
portion of the light exit surface 18a of the guide plate 18 
corresponding to the parallel groove 18f, the entire parallel 
groove 18f may be narrowed or tapered. However, a given end 
portion may be narrowed or tapered insofar as the peak value 
can be reduced. 

The light guide plate, and the planar lighting device 
and liquid crystal display device provided with the light 
guide plate according to the present invention have been 
described above in detail, but the present invention is not 
limited to the above embodiments. Needless to say, various 
improvements and changes can be made without departing from 
the gist of the present invention. 

For example, in the present invention, as shown in FIG. 
15, plural light guide plates 18 can be arranged in line in 
such a manner that the light exit surfaces 18a of the light 
guide plates 18 are flush with each other to thereby 
constitute a large-size light guide plate. When the light 
guide plates 18 are arranged in line in this way, the 
inclination angle of the inclined surface 18d of the light 
guide plate 18 can be adjusted such that the respective 
tangents at the contact points of the inclined surfaces 18d 
and 18d' of the light guide plates 18 and 18' connecting with 
each other do not cross each other, that is, a smooth flat or 
curved surface is formed in the portion where the inclined 
surfaces 18d and 18d' are connected with each other. In the 
light guide plate shown in FIG. 15, a surface defined by the 
inclined surfaces 18d and 18d' of the light guide plates 18 
and 18' is formed in an arch shape. 
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Using the above light guide plate having a large-size 
light exit surface offers the backlight unit having a large- 
size light illumination surface. Hence, it can be applied to 
the liquid crystal display device having a large-size display 
screen, in particular, a wall-hung liquid crystal display 
device such as a wall-hung TV. 

In order to connect the light guide plates according to 
the present invention into a single unit to form a large-size 
light guide plate as mentioned above, the light guide plates 
of the present invention separately formed may be arranged 
such that thin portions are brought into contact with each 
other or bonded to each other. Two or more light guide 
plates of the present invention which are connected with each 
other are preferably formed into a unit for enhancing the 
evenness of the light to be emitted. 

F'rom the viewpoint of production efficiency, the light 
guide units of the present invention which are necessary for 
forming a light guide plate having a desired screen size are 
preferably integrated into a unit. 

Also, in the light guide plate of the present invention, 
as shown in FIG. 16A, a reflection plate 24 may be arranged 
outside each lateral surface of the light guide plate 18 in 
consideration of the area of the side surface. In the case 
where more than one light guide plate 18 is arranged, the 
reflection plates 24 are arranged, as shown in FIG. 16B, 
outside both lateral surfaces of the outermost light guide 
plates 18. By arranging the reflection plates 24 outside the 
lateral surfaces, light can be kept from leaking from the 
lateral surfaces of the light guide plate 18, and the use 
efficiency of light can be further improved. The reflection 
plate 24 may be formed of the same material as that of the 
aforementioned reflective sheet or reflector. 
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Industrial Applicability 

The light guide plate of the present invention is 
capable of providing a thin and lightweight light guide plate 
that emits evener illumination light having higher luminance 
from the light exit surface, thereby, the size of a light 
exit surface of the light guide plate can be made larger. 
Therefore, the light guide plate of the present invention is 
applicable to a planar lighting device requiring to emit 
evener illumination light with higher luminance and/or to 
have a larger-size illumination surface. 

The planar lighting device of the present invention can 
be manufactured at lower cost and emit evener illumination 
light with higher luminance, allows a large-size illumination 
surface, and is applicable to a liquid crystal display device 
having a large-size display screen. 

The liquid crystal display device of the present 
invention can be manufactured at lower cost, ensures evener 
display with higher luminance and allows a larger-size 
display screen and/or can be hung on a wall such as a wall- 
hung TV. 



